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Abstract 
In this study we present the micropropagation of an ancient almond tree, probably 300- years-old, 
together with juvenile material proceeding from its seeds. Three types of material were used: 1) shoots 
flushed on the tree at the beginning of spring, 2) shoots forced to flush in a phytotron from branch 
segments collected in late winter, and 3) seeds collected in autumn and stored at a cool place for six 
months before being germinated in vitro. Murashige and Skoog medium supplemented with 0.5 mg L-1 
N6-benzyladenine and 0.05 mg L-1 indole-3-butyric acid was used for culture establishment and 
stabilization. Different combinations of plant growth regulators were evaluated for shoot proliferation 
and elongation. Roots formed spontaneously in the multiplication medium. Rooted shoots from cultures 
obtained from the mother tree and from lines that had been obtained from small seedlings were 
successfully acclimatized in the phytotron and the greenhouse.  
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Introduction 
 
The need to conserve biodiversity has been granted increasing political and social attention in the last 
years (FAO 2011). Monumental or emblematic trees, both "wild" trees living in forests and century-old, 
"domesticated" agricultural trees, should be preserved in situ for their intrinsic value, their cultural 
legacy, the rich diversity of microhabitats they generate, and the quantity of organisms that depend on 
them for life (Moya and Moya 2013). Also, they should be preserved ex situ for the study and the 
conservation of their genetic resources, for educational issues and for reintroducing plant material of 
high quality in their natural areas, most of them currently degraded or threatened (Dulloo et al. 2010). 
Within ex situ conservation methods, in vitro culture presents special advantages in the case of 
emblematic trees, such as the small quantity of plant material needed to begin the micropropagation 
procedure and the possibility of implementing such long-term conservation techniques as 
cryopreservation (Postman et al. 2006, Pence 2013). 
 
The aim of this study was to micropropagate mature material from an ancient almond tree, named 
“Gladiador” (Fig. 1A), located in Membrilla (Central Spain), together with juvenile material proceeding 
from its seeds. This monumental tree, probably 300-years-old, dominates a landscape formed by 
hundreds of olive trees, and has a special emblematic meaning for the population of the area, as has been 
recognized by the International Foundation for Ecosystem Restoration (FIRE). 
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Materials and Methods   
 
For establishment of axillary shoot cultures, plant material was provided by the FIRE foundation. Three 
types of material were used: 1) shoots flushed on the tree at the beginning of spring (Fig. 1B), 2) shoots 
forced to flush in a phytotron from branch segments collected in late winter (Fig. 1C,D), and 3) seeds 
collected in autumn and stored at a cool place for six months before being germinated in vitro (Fig. 1E).  
 
 
 
Figure 1. Plant material used for in vitro establishment. A) “Gladiador” almond tree. B) Shoots flushed 
on the tree at the beginning of spring. C,D) Shoots forced to flush in a phytotron from branch segments 
collected in late winter. E) Seeds. F) Nodal segments from the mother tree after sterilization. G) Shoots 
of mature origin cultured in jars. H) Cracked seed. I) Seeds before sterilization and embryo isolation. 
J) Embryo inoculated in a test tube. K) Germinating embryo used for the initiation of a juvenile line.  
 
For establishment of mature material originated from branches of the mother tree, the shoots were 
stripped of their leaves and surface sterilized by immersion for 40-50 s in 70% ethanol and for 15 min 
in a 10 g L-1 solution of sodium hypochlorite containing 2-3 drops of Tween 80®. The shoots were then 
rinsed three times in sterile distilled water. Nodal segments (10 mm) were cut from the shoots and 
inoculated in tubes with Murashige and Skoog (MS) medium (Murashige and Skoog, 1962) 
supplemented with 0.5 mg L-1 N6-benzyladenine (BA) and 0.05 mg L-1 indole-3-butyric acid (IBA), 3% 
sucrose and 0.7 % (w/v) Bacto agar (Fig. 1F). The medium was adjusted to pH 5.7 before being 
autoclaved at 121 °C for 20 min. Cultures were incubated under a 16-h photoperiod provided by cool-
white fluorescent lamps (50-60 µmol m-2s-1) at 25 ˚C light/20 ˚C dark. The explants were transferred 
every 2 weeks during the first 6 weeks after establishment and were then maintained in 50 ml of the 
above mentioned medium (multiplication medium; MM) in 300 ml glass jars (Fig. 1G) and were 
subcultured every 4-5 weeks.  
 
For establishment of juvenile material, seeds collected in autumn under the canopy of the tree were 
stored in a cool chamber (8-12 ºC) for six months. Then, the shells were cracked (Fig. 1H) and the seeds 
(Fig. 1I) were washed with tap water before being sterilized following the same protocol as described 
for shoots, but with 60 s of ethanol treatment and 20-40 min in a 10-15 g L-1 solution of sodium 
hypochlorite. Embryos were isolated and inoculated in tubes with MS medium with 0.5 or 1 mg L-1 BA 
for in vitro germination (Fig. 1J). Shoots obtained from germinated embryos (Fig. 1K) were used to 
initiate separate juvenile lines, which were maintained in jars as described for mature material.  
After 7-9 months of culture in MM for culture stabilization, the effect of different combinations of plant 
growth regulators (BA, IBA and Gibberellic acid (GA3)), were evaluated for shoot proliferation, 
elongation and adventitious root formation. These treatments are described in Table 1. The explants (15 
mm) were cultured in the proliferation medium (1 month), and the obtained clusters were transferred to 
elongation medium (1 month). 
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Rooted shoots from cultures obtained from the Gladiador mother tree and from lines originated from 
seeds were planted in pots with a commercial peat:perlite mixture (2:1) and acclimatized in a phytotron 
before being transferred to the greenhouse. For mid-term conservation, shoots from mature and juvenile 
origins were submitted to cold storage (4-6 ºC) under dim light.  
 
Results and discussion 
 
Seventeen lines of almond were successfully established, 12 corresponding to mature material originated 
from different branches of the mother tree (Fig. 2A,B) and 5 obtained from seeds (Fig. 2C).  
 
 
Figure 2. Shoots of almond regenerated from mature material obtained from the mother tree (A, B) 
and from juvenile material obtained from seeds germinated in vitro (C). 
 
As the micropropagation of plant material derived from mature zones of ancient tree frequently presents 
more problems than the culture of juvenile material derived from seeds (Sánchez and Vieitez, 1991; 
Hackett and Murray, 1993), our first efforts were focused on the development of a reliable protocol for 
proliferation and rooting of the mature lines. Four treatments, combining two proliferation media and 
three elongation media, were tested. Briefly, the explants were cultured in MS BA 1 IBA 0.1 GA3 0.1 
(mg L-1) or in MS BA 0.5 AIB 0.05 (mg L-1) for one month, and then transferred to the same medium 
or to a half strength MS with GA3 1 mg L-1 for another month (Table 1).  
 
Table 1. Proliferation and elongation media used for culturing almond shoots. The concentration of 
plant growth regulators is expressed in mg L-1.  
 
 
The explants cultured in MS BA 1 IBA 0.1 GA3 0.1 and transferred to the same medium (T1) produced 
more and longer shoots than the other treatments (Fig. 3A,B). However, T3 was overall more efficient, 
as 50% of the clusters developed spontaneous roots during the elongation step. The transfer of the 
cultures to half strength MS with GA3 1 mg L-1 as the only plant regulator decreased the length of the 
shoots compared to the length of the shoots of cultures  transfered to the original medium. This reduction 
was especially evident between T1 and T2 treatments. A sharp decrease in the number or rooted shoots 
was also observed, and T2 did not produce rooted shoots. The medium with GA3 1 mg L-1 was used for 
elongation of other Prunus (Iacona and Muleo 2010) but it did not improve the propagation of our 
almond material.  
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Figure 3. Effect of the combination of different proliferation and elongation media on the erformance 
of mature almond shoots. T1 to T4 treatments are described in Table 1.  
 
Rooted shoots which were at least 25 mm high were chosen for transfer to pots (Fig. 4A,B). Almost all 
these plantlets were successfully acclimated (Fig. 3B, Fig. 4C). T3 treatment was chosen for subsequent 
experiments, as it provided a good number of relatively long shoots that easily formed adventitious 
shoots spontaneously. The protocol was applied to juvenile material with similar results (Fig. 4D).  
 
 
 
 
 
 
 
 
 
Figure 4. A-C) Rooted shoots of mature origin. (A,B) Rooted plant before (A) and after being transferred 
to a pot (B). C) Acclimated plantlets in the greenhouse. D) Juvenile plant during the acclimation step. 
 
So far, we have obtained 128 acclimated plantlets, 122 corresponding to clonal material from the mother 
tree and 6 corresponding to clonal material from seeds. Experiments are in progress to propagate more 
plants of juvenile origin, and both shoots from mature and juvenile origin were submitted to cold-storage 
at 4-6 ºC for mid-term conservation.   
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